Classical genetic algorithm is used in a computational experiment, which is described in this article, to measure an area of the aircraft Boeing 737-300. Satellite images containing objects of interest are selected as initial data. The computational experiment consists of two steps. The rst step presents the generalized formulas of values. These formulas are needed to select initial images, using the theory of modied descriptive algebra of images. After that, the initial data is formed according to the calculated values, i.e. the satellite image is chosen in the needed scale and the shooting angle. At the second step, a model of technical vision system (computer vision system) in the modied descriptive images algebra and a tness function for the genetic algorithm are developed. Then varying parameters of the model are chosen and their optimization is carried out in MATLAB. The article demonstrates development of the model due to its complexity by additional imaging techniques. Experimentally it was found that the evolution of the model improves optimization results.
Introduction
Problems of remote identication of objects having technogenic origin, as well as detection and measuring of their characteristics and attributes, are still relevant [1, 2] .The paper proposes an approach to the development and optimization of methods for processing and analyzing of images of the optical range, which are previous to the detection step. In this approach, description of the image processing and analysis is based on the mathematical apparatus of digital image processing and analysis, as well as the methodology of modied descriptive image algebra (MDIA) [3] . Optimization of the developed method is carried out by classical genetic algorithms (GA) [4] . A tness function (which is an analog of a target function) represents an image analysis method, including the developed method of their processing. The initial data are presented by satellite images in the optical range or fragments of maps from the famous Internet map services (Google Maps, Yandex Maps, "Ufa"Airport (access: https://yandex.ru/maps/-/CVhW4KZR)) (Fig. 1 ).
1.
Evaluation of Computational Experiment Parameters Fig. 1 (right) shows an aircraft with dedicated expert boundaries, which completely dene an area of the object of interest to recognize it.
The technique of computational experiment is described in [5, 6] . The aircraft image in Fig. 2 is characterized by a height of n = 99 pixels, a width of m = 99 ÊÐÀÒÊÈÅ ÑÎÎÁÙÅÍÈß https://ru.wikipedia.org/wiki/Boeing_737)). Consequently, the height is n = 1, 03125 cm, the width is m = 1, 03125 cm, the resolution is dpcm = 37, 795 pixel per cm of length [3, 5, 6] . Compute [3, 5, 6 ] the number of pixels δ for accuracy ε by the formula
The area of the passenger 311 pixels, using a simple proportion between the values, see [3, 5, 6] . We dene p pixels [3, 5, 6] , which are signicant in the planned reliable measurement by the formula
Pixels of the aircraft (Fig. 1, right) area, which are bounded by a red border, are counted. The boundary is dened by an expert and p = 2070 pixels. Only images having exactly l = (1759; 2381) signicant pixels are allowed for reliable measurement of the area. Then, substitute the values δ = 311 and p = 2070 in (3) and calculate [3, 5, 6 ] the coordinates of vector
Each of coordinates of this vector is the number of images I * bin = ∥z ij ∥ , z ij ∈ S bin in groups for p signicant pixels. According to (4), the sum of vector −→ k bin coordinates is an evaluation of a funnel section K bin in MDIA [3, 5, 6] : 
and θ is a conversion threshold [3] . The real value θ = 64 is matched by an expert according to the maximum inscribing of area of an object of interest in the previously dened border after converting to binary image.
(p+δ) units respectively. Represent them [3, 5, 6] as coordinates of the vector
) .
Substitute the values n = 99, m = 99, δ = 311, p = 2070 and θ = 64 (as determined by the expert) into (5) ) .
Thus, the size of a funnel section K gray is calculated [3, 5, 6 ] as a scalar product of vectors −→ k bin and − − → θ gray according to
For the considered problem there is a value
Since color images are represented in RGB-space [3] , then the color layers are independent from each other. Therefore, the evaluation of the size of funnel section
for color MDIA A color = ⟨M color , F color ⟩ is correct [3, 5, 6] . For the considered problem we obtain an evaluation
According to (7), one can calculate [3, 5, 6 ] the probability that given images are in a funnel section in MDIA of color images
Search for the Optimal Values of the Filter Mask and Conversion Threshold
Mathematical method of modelling of image processing and analysis to calculate the aircraft area is represented in MDIA as follows:
Two parameters the aperture of median lter (n, n), and the conversion threshold θ of grayscale images into binary ones are varied during image processing (converting) in (9). The table below shows the program written in MATLAB language, corresponding to method (9). use of a median lter invim2=255-im2; halftone image inversion im3=im2bw(invim2,p(2)); converting to binary image res=sum(sum(im3)); calculation of sum of black dots s=t(res); calculation of GA tness function end On the basis of Fig. 2 it can be concluded that a function of area measurement (table) reaches a minimum value 0 at more than one point. For example, a pair ⟨n, θ⟩ = ⟨5, 0, 6⟩ is such point of extreme. However, an imposition of the processed image (Fig. 3, left) and the original one (Fig. 3, right) shows that a deviation in the desired pixels exists even with a minimum value of GA tness function (objective function).
In plain language, this problem can be formulated as follows. The method of image processing and analysis (9) retains shape of the object of interest with all its features. Some signicant pixels of the object are lost during conversion. Lost pixels are replaced with new "pseudo pixels" of the object of interest. It can be explained by use of the operation of averaging of the adjacent pixels brightness by median lter (Fig. 3, right) . Due to this fact the analysis (aircraft area measurement) remains within acceptable accuracy. The increasing of the complexity of image processing and analysis method (9) by methods of image restoration and morphological analysis allows to minimize the number of "false" pixels in the object of interest and rene a model of the object of interest (Fig. 3, left) .
Conclusion
The use of genetic algorithms in the modied descriptive image algebra allows to simplify the computational process of image analysis. The paper describes an example about calculation of the Boeing 737-300 aircraft area for the top view by this method. The main result of this research paper is the rejection of image models in the classic view. Â ñòàòüå îïèñàí âû÷èñëèòåëüíûé ýêñïåðèìåíò, â êîòîðîì äëÿ èçìåðåíèÿ ïëîùà-äè ñàìîëåòà Boeing 737-300 èñïîëüçóåòñÿ êëàññè÷åñêèé ãåíåòè÷åñêèé àëãîðèòì. Â ðî-ëè íà÷àëüíûõ äàííûõ âûáðàíû ñïóòíèêîâûå ñíèìêè, ñîäåðaeàùèå îáúåêòû èíòåðåñà. Âû÷èñëèòåëüíûé ýêñïåðèìåíò ñîñòîèò èç äâóõ ýòàïîâ. Íà ïåðâîì ýòàïå ïðèâîäÿòñÿ îáîáùåííûå ôîðìóëû âåëè÷èí, íåîáõîäèìûå äëÿ âûáîðà íà÷àëüíûõ èçîáðàaeåíèé, ñ èñïîëüçîâàíèåì òåîðèè ìîäèôèöèðîâàííûõ äåñêðèïòèâíûõ àëãåáð èçîáðàaeåíèé. Äà-ëåå ñ ó÷åòîì âû÷èñëåííûõ çíà÷åíèé âåëè÷èí ïðîèñõîäèò ôîðìèðîâàíèå íà÷àëüíûõ äàííûõ, ò.å. âûáîð ñïóòíèêîâîãî ñíèìêà â íóaeíîì ìàñøòàáå è óãëå ñúåìêè. Íà âòîðîé ñòàäèè ðàçðàáàòûâàåòñÿ ìîäåëü ñèñòåìû òåõíè÷åñêîãî çðåíèÿ (ñèñòåìû êîìïüþòåð-íîãî çðåíèÿ) â ìîäèôèöèðîâàííûõ äåñêðèïòèâíûõ àëãåáðàõ èçîáðàaeåíèé è ôóíêöèÿ ïðèãîäíîñòè äëÿ ãåíåòè÷åñêîãî àëãîðèòìà. Äàëåå âûáèðàþòñÿ âàðüèðóåìûå ïàðàìåò-ðû ìîäåëè è ïðîâîäèòñÿ èõ îïòèìèçàöèÿ â ñðåäå MATLAB. Â ñòàòüå äåìîíñòðèðó-åòñÿ ðàçâèòèå ìîäåëè çà ñ÷åò åå óñëîaeíåíèÿ äîïîëíèòåëüíûìè ìåòîäàìè îáðàáîòêè èçîáðàaeåíèé. Ýêñïåðèìåíòàëüíî áûëî óñòàíîâëåíî, ÷òî ýâîëþöèÿ ìîäåëè óëó÷øàåò ðåçóëüòàòû îïòèìèçàöèè.
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